Inbred and wild mouse strains contain multiple DNA sequences in their chromosomal DNA that are homologous to type C RNA tumor viruses and that become expressed, spontaneously or after induction, in a genetically determined pattern (1) (2) (3) (4) (5) . A number of classes of retrovirus have been isolated from leukemic and nonleukemic mouse tissues, and it is rapidly becoming apparent that endogenous retrovirus genes differ among themselves and in general occupy distinct chromosomal positions in the mouse genome (6) (7) (8) . Endogenous viral genes differ from each other in competence and degree of expression, in inducibility in various strains, in host range of recovered virus, in immunologic determinants of encoded structural proteins, and in response to regulatory loci that govern expression of endogenous and exogenous retroviruses (9) . The interaction of endogenous cellular virogenes and trans-acting restriction genes in the mouse is an intriguing area of mammalian genetics which promises to be of use in resolving the developmental progression of virus-associated murine leukemia.
The AKR mouse strain possesses two unlinked retrovirus structural loci, Akv-1 and Akv-2, which are spontaneously expressed early in life as infectious ecotropic virus (6) . In addition, a dual-tropic virus (MCF) has been detected in the thymus of late preleukemic AKR mice (10) . The dual-tropic MCF virus is apparently an in situ genetic recombinant between endogenous ecotropic and xenotropic AKR virogenes (11) . The developmental sequence of ecotropic and dual-tropic virus expression in AKR mice is clearly related to the onset of leukemogenesis and to the increased lymphoma incidence present in this strain (12) .
Expression of AKR viremia and associated lymphoma is prevented by alleles of two previously described restriction genes, Fv-1 (13) and Fv-4 (14) . We (15) . The locus appears to be phenotypically distinct from Fv-1 but cannot at this time be separated frdin the Fv-4 locus described in Japanese mice (Mus musculus molossinus).
MATERIALS AND METHODS
Mice. Wild mice (Mus musculus domesticus) were trapped at a squab farm in southern California near LC. This population of mice is characterized by a high level of infectious MuLV expression and related splenic non-T-cell lymphoma (16, 17) and paralysis (18) occurring mainly after 1 year of age. In most LC mice the congenitally acquired MuLV leads to lifelong viremia and specific immunologic tolerance (19) (20) (21) . The infectious MuLV show either a wide in vitro host range with growth in cells of both murine and heterologous species ("amphotropic") or their growth is restricted to murine cells ("ecotropic") (22) (23) (24) . Only the ecotropic viruses register in the XC test and usually produce small plaques atypical of conventional murine ecotropic virus. In LC wild mice the amphotropic virus is by far the more prevalent and high-titered and is generally the only virus readily detected in sera of young healthy animals.
All amphotropic and ecotropic LC virus isolates tested have been N-tropic for mouse cells, and LC mice, whether infected or uninfected, appear to be monomorphic for Fv-1 N (refs. 22-24; unpublished data). Amphotropic virogenes are endogenous in LC and other wild and laboratory mice (5) but perhaps not in all wild mice (25) . However, the virus has so far been recovered only from feral mice in southern California. About 10% of LC mice escape congenital infection and remain persistently nonviremic and free of lymphoma or paralysis until at least 18 months of age (20) . By selective breeding we have produced separate laboratory colonies of infected and uninfected LC progeny. Eleven first-generation (F1) laboratorybred LC wild mice and seven LC mice trapped in the wild were typed for MuLV and bred to AKR inbred mice obtained from The Jackson Laboratory. In addition, seven wild mice from another trapping area, a squab farm in Bouquet Canyon (BC), CA, were also mated to AKR mice. BC wild mice are heavily infected with indigenous polyoma virus but show a low level Abbreviations: LC, Lake Casitas, CA; MuLV, murine leukemia virus; BC, Bouquet Canyon, CA; FA, fluorescent antibody; FFFU, fluorescent focus-forming units.
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of natural MuLV activity and a low incidence of leukemia (26 with no difference related to sex of the AKR parent (Table 2) . A single dominant gene effect would predict 25% and 50% viremia, respectively, in these crosses. The differences between observed and expected numbers in a single dominant gene model in the backcross and F2 hybrids were not statistically significant (P = 0.63 and 0.13, respectively). These results thus appear to be consistent with segregation, in LC mice, of a single dominant gene for suppression of AKR virus. Additional LC X LC and AKR X LC crosses and backcrosses segregating for Akvr-1 R were challenged at 2-5 months of age with NB-tropic Friend MuLV (a mixture of spleen focusforming virus and Friend leukemia helper virus). Spleens were removed and weighed 9 days later. In susceptible mice, the spleen focus-forming component of Friend MuLV produces erythroleukemia and splenomegaly within 7-10 days (29) . The ratio observed of resistant (spleen weight < 0.5 g) to susceptible (spleen weight 2 0.5 g) mice was in close agreement with that expected on the basis of Mendelian segregation of a single dominant virus-restriction gene ( Table 4 ). The susceptible hybrids were the same individual mice that had previously been typed as Akvr-1Tr based upon the detection of viremia, whereas the resistant hybrids were of Akvr-1 Rr genotype and were all nonviremic. The average spleen weight of the susceptible (rr) progeny was 6-fold greater than the average of the resistant (Rr) progeny (1.7 g versus 0.3 g), indicating Akvr-1 R-mediated restriction of Friend MuLV-induced splenomegaly.
The allele frequency of Akvr-1 R is 0.47 in LC mice, based upon the admittedly small sample presented in Table 1 . The genotype frequencies in Table 1 do not vary significantly from expectations of the Hardy-Weinberg equilibrium (X2 = 3.6; P = 0.05). Thus, .the probable frequency of LC animals that contain at least one Akvr-1 R allele is 0.72; the observed value in our sample is 0.61. All these mice would be expected to be 
DISCUSSION
The observations described here provide evidence for the genetic polymorphism, in feral LC mice, of a gene (Akvr-1) that can effectively restrict induction or expression of the endogenous virogene loci Akv-1 and Akv-2 in AKR mice (6) and thereby elirminate the progress of retrovirus-mediated lymphomagenesis in this strain (10, 11) . Two alleles, Akvr-1R (restrictive) and Akvr-1 r (susceptible), were detected in LC mice, but only the recessive allole (Akvr-l r) was found in seven mice (Table 1) , which is strongly restricted by Fv-1 B (32) . Third, Akvr-l restricts NB-tropic Moloney MuLV and Friend MuLV, whereas no known allele of Fv-1 restricts these viruses. Fourth, Fv-1 restriction is generally leaky and abrogated by high-multiplicity infection. This does not seem to hold with Akvr-1 R mediated AKR virus restriction.
An additional Fv-1 allele has been described in the RF inbred mouse strain (33) . In crosses with AKR mice, this allele exerts a dominant restriction on lymphoma development associated with a restriction on thymic expression of both ecotropic and, especially, xenotropic viruses (33) . However, in contrast to an absence of detectable viremia as we observed in the (AKR X LC)F, mice, this RF allele did not lower ecotropic virus titers in the spleen of (AKR X RF)Fj mice compared to AKR mice.
Therefore, it appears very unlikely that the AKR resistance gene in LC wild mice is identical to the Fv-1 allele of RF mice.
It also seems unlikely that the AKR virus resistance gene in LC wild mice corresponds to certain of the other described genetic loci controlling resistance to MuLV in laboratory mice. The Fv-2 locus restricts the spleen focus-forming portion of Friend virus and has no effect on leukemia or helper virus replication (34 (36) . Neither of these genes has any known restrictive effect on AKR virus. Although H-2-linked Ir loci do affect leukemogenesis in AIR (34) and other laboratory mouse strains (37) , this mainly reflects an enhancement of the autogenous immune response to infected or transformed cells rather than an effect upon activation or spread of infectious MuLV. However, it has been demonstrated in B10 congeneic mice that genes within the H-2 region also regulate early virologic events before tumor development (38, 39) .
Another MuLV restriction locus, called Fv-4, was recently described in the G inbred strain of Japanese laboratory mice (14) and, possibly, in several (four of eight) Japanese wild mice (Mus musculus molossinus) (40) . The Fv-4 resistance allele is defined by its dominant restriction of NB-tropic MuLV replication in vivo and in hematopoietic cells (41) . Odaka et al. (40) have suggested that the Fv-4r allele of G mice suppressed the expression of endogenous AKR virus, and Yoshikura et al. (42) reported that G mouse cells (Fv-4rr) were fully permissive to wild mouse amphotropic virus.
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